SUMMARY An epidemiological study was conducted to determine the geographical variations in stroke mortality among three U.S. areas. They were Savannah, Georgia (high stroke rates), Hagerstown, Maryland (intermediate stroke rates) and Pueblo, Colorado (low stroke rates). In each area samples were drawn of the population in the 35-54 age group. The subjects were interviewed and examined to obtain the information required on medical conditions and/or living habits which would characterize each area. A brief medical and family history, as well as demographic and personal data, were obtained by interview. The medical examination included blood pressure, ECG, blood and urine chemistry, height and weight. In all three cities the response rate in the final sample selected was 90% (2375 individuals) interviewed and 74% (1,939 individuals) examined.
DIFFERENCES in mortality rates have been reported for cerebrovascular disease in many geographical areas within and between countries. In the United States, the Mountain, Middle Atlantic, Pacific, and New England areas have lower cerebrovascular disease mortality rates among white males than the East South Central, South Atlantic and East North Central divisions. For divisions where non-whites are predominantly black, the geographical differences among non-white rates were generally similar to those of the whites. 1 A Nationwide Cerebrovascular Disease Mortality Study was conducted to determine if these differences could be attributed to artifacts of coding, diagnostic variability, lack of comparability in death certification or differences in casefatality rates. This was done by reviewing death certificates, hospital records, physicians' reports, medical examiners' records, and family interviews. 8 " 8 The authors concluded that the geographic differences were not due to (1) variations in death certification practices; (2) differences in frequency of clinical stroke diagnoses on the death certificate, especially as the underlying cause of death; or (3) the accuracy of the stroke diagnosis on the death certificate. The geographical differences observed for cerebrovascular disease mortality in the Mortality Study were confirmed by a similar study of hospitalized stroke cases in eight of the same participating areas. 6 A preliminary investigation in 1968 of hospitalized stroke cases for whites in three geographic areas in the United States, estimated the annual stroke incidence to be higher in Savannah for all age groups, except for females, 45-54 years-of-age. An increasing gradient in stroke rates was noted from Pueblo to Hagerstown to Savannah, which was somewhat greater for males than females, with a difference of about 1.5-to 3-fold for both sexes in all age groups (table  1) . For example, the average age-adjusted annual stroke death rate for white males ages 35-74 years for 1959-61, was 83 per 100,000 in Denver, Colorado contrasted to 205 in Savannah, Georgia -a 2.5-fold difference.
Based on these findings, a study was initiated in 1971 in Pueblo, Hagerstown, and Savannah, to investigate etiological factors which might explain these differences in rates. Savannah had been shown in several studies to be an area of high stroke incidence and mortality for whites, with some evidence that this was also true for black residents. Although Denver had been studied more thoroughly than Pueblo, it was recognized that all of Colorado is a low stroke area.
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A sample was selected for interview and examination from the adult population of the three cities to search for explanations for the geographic differences. Since several epidemiological studies had reported relationships for a variety of risk factors to cerebrovascular disease, it was considered worthwhile to determine whether the three selected areas differed with respect to the following risk factors: hypertension, serum cholesterol and glucose levels, obesity, and cigarette smoking. and 10.7% of the population was below the federally-defined "poverty level." Tap water in Pueblo is alkaline, hard and naturally fluoridated. Well water is used in outlying areas. Pueblo has three general hospitals, one mental hospital, nine nursing homes, and nine private multi-specialty clinics.
(2) Hagerstown, Maryland, the intermediate-stroke area is the seat of Washington County in northwestern Maryland at 567 feet above sea level. It is in a valley surrounded by low hills and other cultivated valleys. Agriculture, dairy farming and light industry (aircraft, engine manufacturing) contribute to its economy. In 1970 the population was 36,000 with a median family income of $8,215. Slightly more than 10% of the population was below the "poverty level." Hagerstown's artificially fluoridated water supply is derived from both mountain stream and river sources. The river water is considered only moderately hard while the mountain source, which supplies roughly one-third of the city supply, is very soft. Most residents do not use water softeners. The climate is temperate with about 37 inches of rain a year. A general hospital and a state chronic disease hospital serve Hagerstown.
(3) Savannah, Georgia, the high-stroke area, is a large industrial port on the Georgia coast at about sea level. It has a population of 120,000, of which almost one-half is black. It is a major port for shipping cotton and naval stores. Paper products, lumber, mill work, and metal fabrication are the chief industries. The median family income was $7,140 in 1970 and over 21% of the population was below the "poverty level." The water supply is alkaline, hard and not fluoridated. Savannah's climate is hot and humid in the summer with mild winters and an average annual rainfall between 45-50 inches. The city is served by three general hospitals, a U.S. Public Health Service Hospital and a staterun psychiatric hospital. Table 2 presents some selected population characteristics for the three areas. 12 '"
Methods and Procedures

Sampling Procedures
The objective was to study approximately 600 white and black individuals, 35-54 years of age, in each area. Three principal sources were used to select the sample of names for interview and examination: (1) the city directory; (2) a list of building permits; and (3) a list of apartments and their occupants. A special sample of black residents was drawn in Pueblo and Hagerstown to augment the deficit of black respondents.
The basic sampling frames were the 1970 Polk Directories for Pueblo and Savannah and the 1969 Polk Directory for Hagerstown. Individuals were randomly selected for interview from a list of addresses taken from the respective city directories. 23 All three directories were found to be complete in their street listings by checking with official 1970 census maps, except for some small areas in Pueblo, where those missing were surveyed separately and addresses enumerated before being included in the directory sampling frame. During the interviewing process, the "half open interval" method was used to identify and include addresses missing from the directory. 24 In Pueblo and Hagerstown, an effort was made to obtain a complete listing of the entire black population, in order to include all blacks 35-54 years in the sample. In Pueblo, black families were identified through a special roster compiled from the resources of the Human Services Center of Pueblo and the local chapter of the National Association for the Advancement of Colored People. The blacks in Hagerstown were identified from a private census conducted in 1963 by The Johns Hopkins Training Center for Public Health Research. 26 In Savannah the number of black males obtained through the standard sampling method was not sufficient and therefore, in the latter stages of the study, additional blocks of 100 addresses from the base sample were used, restricting the participants to black males 35-54 years of age. A two-stage sampling process in each city directory was used to select addresses. This method used sampling with replacement of directory pages with probability proportional to size (number of addresses) and then sampling without replacement of addresses equal in number to the number of times the page fell into the first-stage sample. It was necessary to oversample because unusable addresses (a vacancy or commercial property) were expected and because all addresses would not necessarily include individuals between the ages of 35-54 years. The interviewers were instructed to include all persons aged 35-54 in each sample address who agreed to participate in the study. Since the survey was conducted early in 1971, any new building construction would have been omitted from the basic sampling frame. Therefore, the records of new building permits were obtained and a sample of new residential addresses was added to the primary sample.
Thus, the objective was a self-weighting sample so that special methods of analysis would not be necessary. However, it was difficult to identify and obtain participation from all eligible individuals at every residence, especially in large apartment buildings. Therefore, the following procedure was adapted: if the address included five or fewer families, all those in the appropriate age group were included; if the address had more than five families, they were listed and the interviewer returned to the office where families were selected by a separate sampling procedure. Separate proportional samples were chosen for each apartment building with the proviso that at least five families be included. Although the initial intent was to include these as a separate stratum for differential weighting, so few of the addresses were in large apartment houses that weighting was unnecessary. (A detailed description of the specific procedures used in the study can be obtained from the authors.)
The Interview
The subjects selected were visited by trained interviewers who obtained a brief medical and family history, demographic and personal data, and information concerning health habits. An extensive self-administered dietary questionnaire asked the respondent to list the foods he frequently consumed. The medical history focused upon symptoms and past evidence of cerebrovascular and cardiovascular disease, such as angina pectoris and myocardial infarction, stroke and transient ischemic attacks (TIA's). Response to the Interview and Examination Table 3 shows the source of the addresses for the sample in the three cities. Over 7,000 addresses were compiled in the three areas for the sampling frame, but only about twothirds (64.1%) could actually be used; this varied from 80% in Pueblo to 61 % in Savannah (table 4 ). An address was considered unusable if, (1) it was not within the geographic area defined for the sample, (2) it was a commercial rather than a residential address, or (3) the houses and apartments were vacant. Of the 4,542 usable addresses, those respondents who could not be contacted were excluded from the sample as were those who were ill or refused to be interviewed (table 4) .
As expected, greater cooperation was achieved for the interview than for the subsequent examination. Little variation was found in the response rate for the interview between whites and blacks in all three areas. However, the nonresponse examination rate was greater for black than white subjects in all three cities. It also varied between the three areas with the largest non-response rate in Savannah where 37% of the black subjects did not appear for the examination (table 5) . The overall non-response rate in the final usable sample was 9.8% for the interview and 26.3% for the examination. Table 6 presents the age, color and sex distribution of subjects interviewed and table 7 the subjects who were finally examined in the study. In all three areas, 12.2% of the subjects were black males, ranging from 10.2% in Hagerstown to 15.0% in Savannah and black females comprised 20.7% of the subjects, ranging from 15.5% in Pueblo to 27.6% in Savannah.
